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Abstract
We report studies of the decay B± → DCPK±, where DCP denotes neutral D mesons that decay
to CP eigenstates. The analysis is based on a 29.1 fb−1 data sample of collected at the Υ(4S)
resonance with the Belle detector at the KEKB asymmetric e+e− storage ring. Ratios of branching
fractions of Cabibbo-suppressed to Cabibbo-favored processes involving DCP are determined to be
B(B− → D1K−)/B(B− → D1pi−) = 0.125±0.036±0.010 and B(B− → D2K−)/B(B− → D2pi−) =
0.119 ± 0.028 ± 0.006, where indices 1 and 2 represent the CP = +1 and CP = −1 eigenstates of
the D0−D¯0 system, respectively. We also extract the partial rate asymmetries for B± → DCPK±,
finding A1 = 0.29 ± 0.26 ± 0.05 and A2 = −0.22± 0.24 ± 0.04.
PACS numbers: 12.15.Hh, 13.25.Hw
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Direct CP -violation in B± → DCPK± decay, where DCP denotes neutral D mesons that
decay to CP eigenstates, provides a promising way to extract the angle φ3 of the Cabibbo-
Kobayashi-Maskawa unitarity triangle [1, 2]. A partial rate asymmetry between the DCPK
−
and DCPK
+ final states can arise from interference between b → c and b → u processes
shown in Fig. 1. The relation of the partial rate asymmetry ACP and the φ3 angle [3] is
given by:
A1,2 ≡ B(B
− → D1,2K−)− B(B+ → D1,2K+)
B(B− → D1,2K−) + B(B+ → D1,2K+)
=
2r sin δ′ sinφ3
1 + r2 + 2r cos δ′ cosφ3
, (1)
where indices 1 and 2 denote the CP = +1 and CP = −1 eigenstates of the neutral D
mesons, r is the ratio of the amplitudes, r ≡ |A(B− → D¯0K−)/A(B− → D0K−)|, and δ′ is
the strong phase difference between the two amplitudes, with δ′ = δ for D1 and δ
′ = δ + π
for D2. This asymmetry can have a non-zero value when both φ3 and δ are non-zero. In
principle, one can constrain the angle φ3 from the measurement of asymmetries A1 and A2.
Experimentally, B → DK processes have been studied using measurements of the ratio of
the Cabibbo-suppressed process B− → D0K− to the Cabibbo-favored process B− → D0π−.
Belle [4] measured R = B(B− → D0K−)/B(B− → D0π−) = 0.079 ± 0.009 ± 0.006, while
CLEO [5] reported R = 0.055±0.014±0.005. Assuming factorization, R is naively expected
to be tan2 θC(fK/fpi)
2 ≈ 0.074 in a tree-level approximation, where θC is the Cabibbo angle,
and fK and fpi are the decay constants. Both measurements are in agreement with this
theoretical expectation.
In this Letter, we report the first measurement of B± → DCPK± decay. We also give
a comparison of the ratio of branching fractions R for the flavor specific state and the
CP = ±1 eigenstates, and a determination of the asymmetries A1,2. The results are base on
a 29.1 fb−1 data sample collected on the Υ(4S) resonance with the Belle detector [6] at the
KEKB asymmetric e+e− collider [7]. This corresponds to approximately 31.3 million BB¯
events. The inclusion of charged conjugate states is implied throughout this Letter unless
otherwise stated.
Belle is a general-purpose detector with a 1.5 T superconducting solenoid magnet that can
distinguish the Cabibbo-suppressed process B− → D0K− from the Cabibbo-favored process
B− → D0π− by means of particle identification and kinematic separation. A charged-particle
tracking system, covering approximately 90% of the solid angle in the center-of-mass (cm)
frame, is comprised of a three-layer silicon vertex detector (SVD) and a 50-layer central
drift chamber (CDC). Identification of charged hadron species is accomplished by combining
responses from silica aerogel Cˇerenkov counters (ACC), the time-of-flight detector (TOF)
and the dE/dx measurement from the CDC; it provides more than 2.5σ K/π separation
for laboratory momenta up to 3.5 GeV/c. A CsI(Tl) Electromagnetic Calorimeter (ECL)
located inside the solenoid coil is used for photon (γ) detection. A detailed description of
the Belle detector can be found elsewhere [6].
We analyze both B− → D0K− and B− → D0π−, which are collectively referred to as
B− → D0h− decays. The processes B− → D0K− and B− → D0π− are distinguished by a
tight requirement on the particle identification of the prompt h− (K− or π−) and the effect
of the mass difference at the final stage of the event selection. The decay B− → D0π− is used
as a control sample to establish constraints on kinematic variables, resolution of detectors,
evaluation of systematic uncertainties and normalization of results.
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Flavor specific D0 meson candidates are reconstructed via Df → K−π+; for CP = +1
eigenstates we use D1 → K−K+ and π−π+ and for CP = −1 we use D2 → KSπ0, KSω,
KSφ, KSη and KSη
′.
TheKS → π+π− candidates are reconstructed from two oppositely charged tracks with an
invariant mass within ±3σ of the nominal KS mass. Candidate π0 mesons are reconstructed
from pairs of γ’s, each with energy greater than 30 MeV, and are required to have a recon-
structed mass within ±3σ of the nominal π0 mass. We form candidate η and η′ mesons using
the γγ and ηπ+π− decay modes with mass ranges of 0.495 GeV/c2 < M(γγ) < 0.578 GeV/c2
and 0.904 GeV/c2 < M(ηπ+π−) < 1.003 GeV/c2, respectively. The η momentum is required
to be greater than 500 MeV/c.
Candidate ω and φ mesons are reconstructed from π+π−π0 and K+K− combinations
with invariant masses in the ranges 0.733 GeV/c2 < M(π+π−π0) < 0.819 GeV/c2 and
1.007 GeV/c2 < M(K+K−) < 1.031 GeV/c2, respectively. A helicity angle requirement for
the ω and φ mesons of | cos θhel| > 0.4 reduces the contributions from non-resonant D0 →
KSπ
+π−π0 and KSK
+K− decays to a negligible level. For D0 → KSω, the D0 → K∗−ρ+
background is explicitly rejected by vetoing any KSπ
− combination that forms an invariant
mass within ±75 MeV/c2 of the nominal K∗ mass.
For each charged track from the D0 meson decay, the particle identification system is
used to determine a K/π likelihood ratio P (K/π) = LK/(LK + Lpi), where LK and Lpi are
kaon and pion likelihoods [6]. For D0 → K−π+ , K−K+, and π−π+, the charged tracks with
P (K/π) < 0.7 are assigned to be pions, while kaons are required to satisfy P (K/π) > 0.3
for D0 → K−π+ and P (K/π) > 0.7 for D0 → K−K+. Pions from candidate D0 → π−π+
decays are required to have momentum greater than 0.8 GeV/c, and the candidate is vetoed
if either pion, when combined with any other track in the event, has an invariant mass that
is within ±50 MeV/c2 of the nominal J/ψ mass, or within ±20 MeV/c2 of the nominal D0
mass.
Candidate D0 mesons are also required to have an invariant mass within ±2.5σ of
the nominal D0 mass, where σ is the measured mass resolution, which ranges from 5 to
18 MeV/c2, depending on the decay channel. Tracks and photons from the D0 candidate
final states, except for KSπ
0, KSη and KSη
′, are refitted according to the nominal D0 me-
son mass hypothesis and the reconstructed vertex position, in order to improve momentum
determination.
We reconstruct B− → Dh− events using the laboratory constrained mass (Mlc). Mlc is
the B candidate mass calculated from the laboratory momenta by using an e+e− → BB¯
hypothesis: Mlc =
√
(ElabB )
2 − (pB)2, where pB is the B candidate’s laboratory momentum
vector and ElabB =
1
Eee
(s/2 + Pee ·PB), where s is square of the cm energy, PB is the
laboratory momentum vector of the B meson candidate, and Pee and Eee are the laboratory
momentum and energy of the e+e− system, respectively. Mlc is independent of the mass
assumption of the particle to be used, and is suitable for both B− → Dπ− and B− → DK−
simultaneously. We accept B candidates with 5.27 GeV/c2 < Mlc < 5.29 GeV/c
2.
Background events from e+e− → qq¯ continuum processes are rejected using event shape
variables that distinguish between spherical BB¯ events and jet-like continuum events. We
construct a Fisher discriminant, F = ∑l=2,4 αlRsol +
∑4
l=1 βlR
oo
l , where αl, βl are optimized
coefficients to maximize the discrimination between BB¯ events and continuum events, and
Rsol , R
oo
l are modified Fox-Wolfram moments [11] [12]. Furthermore, the variable cos θB is
used, where θB is the angle between the B flight direction in the Υ(4S) rest frame and the
beam axis. A single likelihood variable is formed from the probability density functions of
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F and cos θB. The likelihood ratio is defined as LR = Lsig/(Lsig + Lcont) where Lsig and
Lcont are likelihoods defined by F and cos θB for the signal and continuum background,
respectively. Since each D0 sub-decay mode has different backgrounds, we optimize the cut
of the likelihood ratio for each mode by maximizing S/
√
S +N , where S and N denote the
numbers of signal and background events estimated by a Monte Carlo simulation [10]. For
the D0 → K−π+ mode, the requirement LR > 0.4 retains 87.1% of signal and 26.4% of the
continuum background.
To distinguish between B− → D0K− and B− → D0π− processes, we form two samples by
requiring that the prompt hadron h− satisfies either P (K/π) > 0.8 (B− → D0K− enriched
sample) or P (K/π) < 0.8 (B− → D0π− enriched sample). Finally, the ∆E distribution,
calculated by assigning the pion mass to the prompt hadron h−, is examined to distinguish
between B− → D0K− and B− → D0π− processes, where ∆E is the energy difference in
the cm frame: ∆E = EcmD + E
cm
h− − Ecmbeam. The signals for B− → D0π− and B− → D0K−
peak in the ∆E distributions at 0 MeV and −49 MeV respectively, as can be seen in Fig. 2.
In the B− → D0K− enriched sample, we can also see a peak around ∆E = 0 MeV due to
misidentified pions from B− → D0π− in Fig. 2(b), (d), and (f).
The numbers of B− → D0π− and B− → D0K− events are extracted by fitting dou-
ble Gaussian functions with different central values and widths to the ∆E distribution.
Backgrounds originate from qq¯ continuum events and BB¯ events. Continuum events
are distributed over the entire ∆E region, and the shape of this background is deter-
mined by fitting a linear function to the ∆E distribution in the Mlc sideband region
(5.20 GeV/c2 < Mlc < 5.26 GeV/c
2). BB¯ backgrounds, such as B− → D0ρ− and B → D∗π−
processes, are mostly seen at negative values of ∆E; MC simulations are used to obtain the
shape of their distribution.
In the fits to the B− → D0π− enriched ∆E distribution, the signal peak position and
width, and the normalization of continuum and BB¯ backgrounds are free parameters. On the
other hand, we calibrated the shape parameters of the B− → D0K− signal using the B− →
D0π− data following the procedure described in [4], which accounts for the kinematical shifts
and smearing of the ∆E peaks caused by the incorrect mass assignments of prompt hadrons.
For the B− → D0K− fit, the shape parameters of the double Gaussian of the signal are fixed
at values determined from the fit to the B− → D0π− sample. The peak position and width of
the B− → D0K− signal events are determined by fitting the B− → D0π− distribution using
a kaon mass hypothesis for the prompt pion, where the relative peak position is reversed
with respect to the origin. The shape parameters for the feed-across from B− → D0π− is
fixed by the fit results of the B− → D0π− enriched sample.
The fit results are shown as solid curves in Fig. 2. The number of events in the D0K−
signal and D0π− feed-across, and the statistical significance of the D0K− signal are given in
Table I. The statistical significance is defined as
√
−2 ln(L0/Lmax), where Lmax is the max-
imum likelihood in the ∆E fit and L0 is the likelihood when the signal yield is constrained
to be zero. The statistical significance of both D1K
− and D2K
− signals is over 5.0σ.
Experimentally, the ratio of branching fractions is determined as follows:
R =
N(B− → D0K−)
N(B− → D0π−) ×
η(B− → D0π−)
η(B− → D0K−) ×
ǫ(π)
ǫ(K)
, (2)
where N is the number of events obtained, η is the signal detection efficiency, and ǫ is the
prompt pion or kaon identification efficiency. The signal detection efficiencies are determined
from MC simulation: η(B− → D0K−) is approximately 5% lower than η(B− → D0π−)
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due to kaon decays in flight. Kaon and pion identification efficiencies ǫ(K) and ǫ(π) are
experimentally determined from a kinematically selected sample of D∗+ → D0π+ and
D0 → K−π+ decays with K− and π+ mesons from D0 candidates that are in the same
cm momentum (pcm) and polar angle regions as prompt hadrons in the B− → Dh− decay
(2.1 GeV/c < pcm < 2.5 GeV/c). With our requirements, P (K/π) > 0.8 gives a kaon identi-
fication efficiency of ǫ(K) = 0.778±0.005 with a pion misidentification rate of 0.024±0.002,
and P (K/π) < 0.8 gives a pion identification efficiency of ǫ(π) = 0.972± 0.007.
Since the kinematics of the B− → D0K− and B− → D0π− processes are similar, the
systematic uncertainties from detection efficiencies cancel in the ratios of branching fractions.
The dominant systematic errors are the uncertainties in the shapes of backgrounds in the
∆E distributions (5.1% − 7.9%), which are determined by varying the background shape
of the fitting function by ±1σ, and K/π identification efficiencies (1.2%). The sum of the
uncertainties for each mode are combined in quadrature to determine the total systematic
errors for the ratios.
The resulting measurements of R are listed with their statistical and systematic errors
in Table I. These are the first observations of the decays B− → DCPK−. As a check, the
result for the flavor specific decay B− → D0h−, D0 → K−π+ is listed as well, and is found
to be consistent with previous measurements. We find no deviation of the R ratio for the
B− → DCPK− processes from the corresponding flavor specific modes beyond statistical
errors.
Direct CP violation is investigated by measuring the partial rate asymmetries in B± →
D1,2K
± decays. We fit the yields of B+ and B− events separately for each mode and deter-
mine the partial rate asymmetries A1,2 are shown in Table II. The partial rate asymmetry
is consistent with zero for the flavor specific mode, which is expected to have no asymmetry.
To construct 90% confidence intervals of A1 and A2, we combine statistical and systematic
errors in quadrature, and assume that the total error is distributed as a Gaussian. We find
−0.14 < A1 < 0.73 and −0.62 < A2 < 0.18, consistent with zero asymmetry.
The main sources of systematic errors for the partial rate asymmetries A1,2 are asym-
metries in the measured background (1.5%− 3.9%), intrinsic asymmetry in the Belle detec-
tor (3.6%), and kaon identification (1.0%). We observe 1154.6 ± 35.4 B+ → D¯0π+, D¯0 →
K+π− candidates and 1073.5±34.5B− → D0π−, D0 → K−π+ candidates. This is consistent
with our expectation that the detector has no significant intrinsic charge asymmetry. Using
MC simulation, we find that the contribution of the non-resonant contaminations (∼ 0.1%)
of ω and φ can be neglected.
In conclusion, using 29.1 fb−1 of data collected with the Belle detector, we report studies
of the decays B± → DCPK±, where DCP are the neutral D meson CP eigenstates. This
is the first stage of a program to measure the angle φ3 in the CKM unitarity triangle.
The ratios of branching fractions R for the decays B− → DCPK− and B− → DCPπ− are
consistent with that for the flavor specific decay within errors. The measured partial rate
asymmetries A1,2 are consistent with zero within large errors. In the future, with 300 fb−1 of
data, an accuracy of better than 0.1 in the measurements of R1,2 and A1,2 in B− → DCPK−
is expected and we will begin to constrain the angle φ3.
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FIG. 1: B− → D0K− decay amplitudes.
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FIG. 2: ∆E distributions for B− → D0pi−/K− candidates and fit results: (a) B− → Dfpi−,
(b) B− → DfK−, (c) B− → D1pi−, (d) B− → D1K−, (e) B− → D2pi−, and (f) B− → D2K−,
where in each case the pion mass is assigned to the prompt pi−/K−. Dotted (dashed) lines show
the distributions of DK(Dpi) signals. The shaded plot shows the continuum background and the
remaining component from BB¯ background is estimated and fitted by Monte Carlo simulation. In
the DK plots, the dashed curves show the D0pi feed-across.
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TABLE I: Results of fits for the D0pi− and D0K− decay modes. The event yields, the feed-across
from D0pi− to the D0K− signal region, statistical significance of D0K− signals, efficiencies and
branching fraction ratios(R) are given. Efficiencies are determined by weighting according to the
measured sub-components (η ≡∑i ηiB(D0 → Xi)).
B− → D0K− B− → D0pi− Stat. B− → D0pi− Efficiency(%) branching fraction ratio
events feed-across sig. events η(D0pi−)/η(D0K−) R
B− → Dfh− 161.7 ± 14.5 51.3 ± 9.7 16.9 2245.1 ± 51.0 1.703/1.639 0.094 ± 0.009 ± 0.007
B− → D1h− 22.9 ± 6.1 9.6± 4.4 5.1 240.1 ± 16.7 0.173/0.165 0.125 ± 0.036 ± 0.010
B− → D2h− 26.1 ± 6.5 4.9± 4.1 5.5 290.6 ± 19.1 0.184/0.173 0.119 ± 0.028 ± 0.006
TABLE II: Summary of measured partial rate asymmetries.
Mode N(B+) N(B−) ACP 90% C.L.
B± → DfK± 80.6 ± 10.1 81.1± 10.4 0.003 ± 0.089 ± 0.037 −0.15 < Af < 0.16
B± → D1K± 8.1± 3.9 14.7 ± 4.6 0.29 ± 0.26 ± 0.05 −0.14 < A1 < 0.73
B± → D2K± 16.4 ± 5.5 10.6 ± 4.2 −0.22± 0.24 ± 0.04 −0.62 < A2 < 0.18
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